To determine the extent to which thirdyear medical students are exposed to elements of the patient-centered medical home (PCMH) during required family medicine (FM) clerkships and how this exposure varies among a sample of medical schools.
paucity of educational research assessing the PCMH features that medical students in the third-year core clerkship curriculum in U.S. medical schools are exposed to and how this exposure may vary among medical schools. Undoubtedly, medical students should learn to use information technology and other features of practice that are likely to become part of residency training, and graduating residents need to move smoothly into contemporary clinical practice. Without knowing the status of evolving new elements of practice, medical educators can only speculate about what they must teach, how they can teach it, and what will best prepare graduating physicians for clinical work.
We conducted a cross-sectional study to examine the extent to which ambulatory FM clerkship sites are implementing features of the PCMH.
Method

Study participants
To identify participating medical schools, we posted a message calling for volunteers on a listserv for FM predoctoral clerkship directors. To be eligible for the study at the medical school level, we required participating schools to have both a well-established third-year FM clerkship mandatory for all students and a curriculum requiring these students to round at ambulatory clinical practices as part of the clerkship. In addition, we sought schools that were representative of the nation in terms of geography and size. The Society of Teachers of Family Medicine (STFM) and the STFM Research Committee assisted in recruiting institutions. Through the recruitment process, we identified 13 medical schools that indicated initial interest. An FM predoctoral faculty leader at each of these 13 schools received a letter detailing the study procedures. That recipient completed a form to provide information typically collected about all active clerkship sites (e.g., number of students, methods of patient payments; further described below). After receiving this letter and form, 12 of the 13 schools (92%) agreed to participate in the study. From the completed forms, we were able to ascertain the number of eligible clinic sites involved in clerkship training at each school.
We asked the FM predoctoral faculty leader at each participating school who had completed the form to identify a local study coordinator who would administer and collect study measures. We sent this coordinator a packet of practice surveys and asked him or her to provide these to each clerkship site that the medical school had identified as meeting eligibility criteria. We also asked the coordinator to collect the completed documents. To be eligible for the study, a clerkship site must have hosted at least one clerkship student per year for each of the previous three academic years (2005-2006, 2006 -2007, 2007-2008) . The participating medical school FM department received $700 for completing the project. The institutional review board at Oregon Health & Science University approved the study.
Survey instrument development and testing
We developed two paper-based study instruments. We designed the first, a predoctoral leader survey completed by an FM predoctoral faculty leader at each participating school, to identify the clerkship sites affiliated with each institution including (1) the total number of practice sites eligible to complete the PCMH survey (described below) and (2) the total number of practice sites that returned the completed survey. We developed and tested this predoctoral leader survey through cognitive interviews with predoctoral faculty members at a nonparticipating school, and we revised the instrument on the basis of their feedback regarding the clarity of questions and the accuracy of information collected.
The second instrument was the PCMH Practice Survey, which we designed to be self-administered by the lead physician at each eligible clerkship site. The PCMH Practice Survey had three parts. The first part described features of the practice as a learning setting (e.g., status as a Federally Qualified Health Center [FQHC], type of practice, and whether residents are also trained at the site); the second part assessed electronic and nonelectronic aspects of the PCMH (e.g., electronic health records [EHRs], asynchronous electronic communication with patients and other clinicians, group visits, advanced access scheduling, and use of disease registries); and the third part assessed preceptor attitudes about electronic record systems and their impact on medical education. We adapted this instrument from previous studies of community FM practices 7 and FM residencies, 16 and we extensively pilot tested it at three FM clerkship practice sites not involved in the current study. In these early testing phases, we used cognitive interview techniques to ensure that respondents understood the questions as intended by the survey design. The possible responses for the presence of each component of the PCMH were 1 ϭ absent (no plans to implement in the future), 2 ϭ planning (active planning under way but not implemented), 3 ϭ present but not mature (revisions planned), and 4 ϭ mature (no planned changes in the near future).
Data collection
Data collection for the study began in August 2008 and was completed in November of the same year. The designated FM predoctoral leader at each participating medical school completed the predoctoral leader survey. The local study coordinator at each medical school distributed the PCMH Practice Survey to each school's eligible clerkship sites, collected the completed surveys, and returned them to the project team at Oregon Health & Science University. Study staff worked with contacts at each medical school to encourage data collection and the return of completed instruments, and staff contacted individual practice sites regarding incomplete surveys or suspected data errors.
Data management and statistical analyses
Two staff members independently entered the information from the submitted questionnaires, and a third staff member reviewed and, if necessary, corrected the entries using source documents if agreement between the two data entry staff members was incongruent. We ran frequencies to identify outliers, and we called study sites to either correct or confirm the accuracy of data that might have been incorrect. At least two study staff members reviewed and initialed all resulting changes to source documents.
We created analytic files to examine characteristics of the practices and the status of PCMH features, and we used descriptive statistics (SPSS Inc., Chicago, Illinois) to characterize the practices and their overall adoption of features of the PCMH. We used general linear mixed models to account for covariance due to nesting of clinics according to medical school. For purposes of this analysis, we collapsed absent and planning into one category called "absent" and present and mature into a second category called "present." We examined electronic and nonelectronic features of the PCMH separately. For another analysis, we created composite variables that were a sum of all PCMH features (electronic and nonelectronic, separately). We used the Pearson correlation coefficient to assess the relationships between the composite scores and patient volume, and we additionally explored relationships between the composite scores and practice setting features, such as being an integrated health system or an FQHC. We set alpha at 0.05 or less to assess for statistical differences, and all tests were two tailed.
Results
Nine* of the 12 medical schools (75%) that agreed to participate completed a majority of the study elements. Three schools withdrew from the study because of difficulty obtaining completed surveys from their clerkship sites. Overall, participating schools captured data on 104 (44%) of their eligible FM clerkship sites, with a range of 18% to 100% (Table  1) . Table 2 lists descriptive information about these practices. The practices were primarily community-based, singlespecialty clinics (n ϭ 48; 46%), and more than half (n ϭ 55; 53%) were part of an integrated health system. Twenty percent (n ϭ 21) were FQHCs. The vast majority of the practices assign a personal physician to each patient (Ͼ95%), and the clinics had substantial differences in the number of patients seen annually (mean ϭ 25,436; standard deviation [SD] ϭ 35,497; range 1,000 -216,000).
Status of all electronic features of the PCMH aggregated for all medical schools ( Figure 1 ) indicates that 58% of clinics (n ϭ 60) have EHRs in place, and of these, nearly 37% (n ϭ 22) are mature. Other electronic elements are less likely to be mature. Electronic orders (e.g., labs, X-ray) integrated with EHRs and preventive registries are most likely to be in the planning stages, whereas conducting practice-based research using the EHR and having a functional quality telephone monitoring system are features that these practices were most likely not to have active plans for implementing. Status of nonelectronic features of the PCMH aggregated for all medical schools ( Figure 2 ) indicates that adequate free parking and convenient access to public transportation are the most present and mature aspects of the PCMH, and group visits and clinical pharmacy support are the most likely to be absent features.
Our general linear mixed-model analyses are presented in Tables 3 to 5 . Of the 14 electronic features assessed (Table 3) , none had statistically significant differences according to medical school, even though up to 10-fold variation in implementation of other PCMH features existed. Three PCMH electronic features reached 50% implementation when averaged according to medical school: (1) presence of an EHR, which ranged from 33% to 100%, (2) availability of fully secured remote access (range 33%-100%), and (3) electronic scheduling system integrated into the EHR (22%-100%).
Implementation of nonelectronic features of the PCMH ( Table 4 ) indicates that of the 12 features assessed, three (25%) were found to vary significantly among schools: (1) the availability of a credible, reliable patient satisfaction survey (range 20%-100%; P ϭ .02), (2) the presence of clinical pharmacy support (range 0%-100%; P ϭ .05), and (3) adequate free parking (range 7%-100%, P ϭ .007). No significant difference existed in the other nonelectronic elements of the PCMH. By medical school, more than half of the clerkship sites had implemented 7 of the 12 non-electronic features assessed (58%) including (1) expanded hours (range 0%-100%), (2) credible, reliable patient satisfaction surveys (range 20%-100%), (3) integrated behavioral health care (range 13%-100%), (4) adequate physical space (range 60%-100%), (5) adequate free parking (range 7%-100%), (6) access to convenient public transportation (range 56%-100%), and (7) overall status of practice as patientcentered versus physician-centered (range 33%-100%). whereas 14% (n ϭ 8) do not. We found wide variation among the physician attitudes regarding both the effect of new technologies on the quality of medical education and the larger role students are playing in the patient-care team as a result of new technology-although this latter variation was not significantly different among the medical schools.
We examined several factors that we thought might be associated with high versus low PCMH-component implementation to determine the best analytic approach using our composite scores. These included being an FQHC or integrated health system. We found no associations with type of practice setting for either of these variables. We also examined the relationship between patient volume and electronic features of the PCMH to test the hypothesis that high patient volume might correlate with more electronic and nonelectronic features of the PCMH (using the composite scores). The correlation coefficient between these two variables was 0.48 (P ϭ .66) for electronic features and Ϫ0.04 (P ϭ .71) for nonelectronic features, indicating no significant relationship between patient volume and features of the PCMH.
Discussion and Conclusions
Health care reform is likely to generate a period of rapid change in how medicine is practiced throughout the United States, and these changes are already having a significant impact on the day-to-day work of physicians. 7, 14, 16, 19, 20 Educating medical students while in this transitional mode raises questions about curricular objectives and how best to prepare students for careers in a new model of practice.
To our knowledge, our study is the first to use a national sample to examine the degree to which medical students in the United States are experiencing elements of the PCMH in their required curriculum as well as the extent to which student exposure to PCMH features varies by medical school. Because thirdyear internal medicine and pediatric clerkships are often based primarily in hospital settings, FM clerkships are the most likely place in the curriculum for students to first experience these new care models in the ambulatory setting. Although we found up to 10-fold differences from school to school in our analysis of clerkship training sites, only three areas reached statistically significant variation, and all three were in nonelectronic features. We found that over 50% of clerkship placement sites have EHRs, which differs from the findings of Linder and colleagues, 21 who found that in 2003 and 2004 only 18% of the patients seen by physicians had EHRs as recorded on the Ambulatory Medical Care Survey. Our findings suggest that implementation of these features may be rapidly expanding or that medical school faculty may be selectively assigning students to practices with more of these features. Although other reports have shown wide variation among clinical practices in how and when elements of this new model of care arise, 7,19 these did not focus on the teaching that occurs in these settings, which is the specific contribution to the literature that our study makes.
We explored several possible sources of variation including whether the practices were part of integrated health systems or FQHCs or whether high patient volume was associated with more versus fewer PCMH features. We found no such association, which leaves us to speculate other possible explanations. Some regions of the country may be implementing the PCMH model more readily than others. Or size and other features of a practice simply may not affect implementation of innovations likely to improve patient care. Also, medical school clerkship faculty members might pay varying degrees of attention to the presence of PCMH features when they select training sites.
We were surprised to learn how much variability there is regarding preceptor attitudes about the effects of practice transformation and information technology on medical education, even though these variables did not reach statistical significance when we analyzed them by medical school. Preceptors seemed to reach no overall consensus on whether emerging technologies in the care of patients will help or hinder student education. In three of the nine schools, over 65% of preceptors either agreed or strongly agreed that new technology would improve medical education, while at another six schools more than half of respondents disagreed or strongly disagreed that new technology would improve the quality of medical education. Previous work suggests that there is considerable disagreement on this point among medical students, residents, and medical educators. [22] [23] [24] [25] Peled and colleagues 22 speculate that use of EHRs bypasses the need for trainees to synthesize clinical information because the EHRs do so much of this for them. They also note that EHRs can be a significant distraction for learners as they focus too heavily on the computer and not enough on patients. However, the results of another study 23 showed that preceptors gave more and better feedback to third-year medical students on progress notes when the students entered the notes into an EHR.
The preceptors' responses to our survey questions regarding the influence of electronic technology on medical education may be due to factors identified in the studies cited above, [22] [23] [24] [25] or they may be due to the timing of our Practice is paperless (all interfaces and scanning work-no paper charts) survey compared with when EHR use started in each practice. We conducted our survey when many practices were just beginning to use EHRs (only 37% described their EHR as mature). Transforming a practice from paper to electronic is stressful, especially at the beginning, 19 and physicians may initially perceive that EHRs create barriers to patient care and complicate time management. Physicians working during such times of transition may have a hard time seeing the benefits of the EHR for patient care, let alone fathoming the benefits to medical education. This initial lack of enthusiasm is understandable in light of published research questioning whether EHRs improve ambulatory care 21 or reduce cost 26 at this point in their evolution. Students working in practices with newly implemented EHRs often experience an environment of chaotic change, and this is likely to affect their education in unpredictable ways. Stressed physicians are likely to be less effective teachers.
Asynchronous communication with other clinicians in use
Preceptors also may not know how to best use new technology when teaching. A lack of faculty development in the area of using electronic media for medical education may leave these preceptors at a loss when confronted with the daily demands of both patients and students. Preceptors need instruction not only in using the technology clinically but also in using it educationally.
If students do not have access to the EHR, it is hard to imagine how they could review patients' history, identify and interpret lab results, write notes, or investigate consultant reports, all essential tasks for clinical learning. In 14% of the EHRequipped practices in our study, students did not have access to the record system. Using EHRs in education requires a change in the systems of teaching, and the infrastructure for this education needs support. Excellent medical education using an EHR requires that students have a place to use the computer, a computer to use, a password to get into the system, adequate practice with the EHR system, permission to enter orders and write notes in the chart, and an understanding of the power of the EHR in quality chronic disease and population management.
We found more variability in the adoption of nonelectronic than electronic features of the medical home. These included the availability of a credible, reliable patient satisfaction survey, the support of a clinical pharmacy, and the presence of adequate free parking.
Reasons for the variation we found for these items may include practice location (metropolitan versus suburban or rural settings) and the status (i.e., as an FQHC) of the health systems to which some of these practices belong. If patients are to embrace the PCMH, then this new model of care must be more immediately consumer-accessible and more userfriendly. Some have argued that such patient-centeredness is the most essential concept in the PCMH. 8, 20 Many of the attributes of patient-centeredness are key components of professionalism for students, and practicing these attributes will help students learn how to be available to patients while also managing appropriate boundaries between personal and professional responsibilities. It is not clear how much attention medical school faculty are paying to the principles of the PCMH when choosing practices in which to place clerkship students, but differences in this emphasis may also explain some of the variation we found from school to school.
The strength of our study is that we were able to collect detailed information about features of the PCMH from over 100 clinics that are active ambulatory care teaching sites for third-year medical students. Our study also had some limitations. One is that only nine medical schools were represented, and although these nine represent a national sampling, our results are not necessarily generalizable to all sites where medical student education occurs. In addition, though we attempted to control who completed the survey at each site, we are not confident that the lead physician was always the one who performed this task, so response bias may have influenced our findings. We chose to focus our analysis on established clerkship training sites with a clear history of taking students over time. While this choice allowed us to survey those sites that take the most students, we did not include new or parttime sites, and this exclusion might have influenced our results.
We surveyed preceptors of the practices and not the students because our primary interest was in how these teaching practices were changing, and we sought to compare our results with similar analyses in previous studies at the residency and community practice levels. 7, 16 An obvious follow-up approach might be to measure student experiences and attitudes before and after completing required clerkships in these practices.
In conclusion, we found that the process of transforming primary care to the PCMH is already well under way in a national sample of FM clerkship sites. Modest variability exists in specific features of the PCMH, and considerable variation exists in preceptor attitudes about the impact of new technologies on ambulatory medical education. Managing this variability will be a major challenge to FM clerkship and medical school curricular leaders for the next several years.
